Introduction
Since the introduction of ultrasound into medicine about 15 years ago, and with the use of various techniques, concern has been expressed about its safety. While it has been suggested that diagnostic levels of ultrasound can cause chromosome damage Davey, 1970, 1972) this has not been substantiated by recent experimental work (Bobrow et al., 1971; Boyd et al., 1971; Coakley et al., 1971 Coakley et al., , 1972 Bleaney et al., 1972; Buckton and Baker, 1972; Hill et al., 1972; Watts et al., 1972) .
We have studied the effect of diagnostic ultrasound in vivo on maternal and fetal chromosomes and observed no increase in the number of chromosome aberrations in blood cultures from insonated mothers and babies when compared with controls (Abdulla et al., 1971) .
In the present experiments cells were studied after long exposures to intensities of continuous-wave ultrasound similar to those produced by present diagnostic and therapeutic equipment.
Methods

EXPERIMENTAL
Since many of the problems of evaluating some of the previous work in this field spring from uncertainties about the exact experimental conditions used, care was taken to establish and measure these conditions for both the insonated and the control specimens. Accordingly the control and test samples were in the same type and batch of culture tubes and in the same waterbath.
The test tank specially constructed for the purpose (Fig. 1 The far end of the tank and its walls and bottom were lined with silicon rubber (Midland Silicones Silestomer 9160 and 9161 mixed) sound absorbent wedges so that 99% of incident sound was absorbed during the multiple reflections between wedge focus before emerging back into the tank.
The beam power was measured by hanging a split 450 reflector ( Fig. 1 ) in the path of the beam at the point to be measured and noting the distance it was deflected. From its weight in water and the measured length of its suspension the sound radiation pressure was calculated as an absolute quantity. From the projected area of interception of the beam an average power per unit area was calculated. The hydrophone used was then placed in the same position and calibrated.
The intensity of ultrasound inside the sample tube was plotted with the calibrated hydrophone, and it was found that though the beam was deflected from the outer region of the tube the central intensity was about equal to that incident. There was some evidence of about 10% reflection from the rear of the tube which, while not enough to provide true standing waves, made up the transmission loss through the front of the tube to produce this approximate equality. Before each test run the average beam power was checked with the pressure vane in the position to be occupied by the test tube. Thereafter the input power to the crystal was monitored. The circulating water which couples the ultrasound was held at 36'C to ensure that any heat generated in the test tube by absorption would not cause its temperature to rise above 37°C. Although the 36°C was maintained by a thermostat system it was monitored by a clinical thermometer to record any excess temperature.
CYTOGENIC METHODS
Peripheral blood cultures were set up from three healthy donors by using a slight modification of the method in use in this laboratory. These cultures are usually set up in 4 ml of culture medium and 1 ml of serum. The beam of ultrasound did not extend over this volume, so to insure that all the cells were insonated 2 ml of medium was used. For each experiment two cultures from the same donor were set up in polystyrene tubes and both placed in the water-bath. One was shielded and acted as a control and the other was exposed to ultrasound. After insonation 2 ml of warmed medium was added to each bottle and they were incubated at 37°C.
Accurate assessment of the effect of any treatment on the type and number of aberrations can be made only if the cells are examined in the first mitosis after exposure (U.N. Scientific Committee, 1969; Evans, 1970) . The total culture time including the period of insonation was therefore 52-54 hours. Demecolcine (Colcemid) was added for the last two hours of culture. Air-dried chromosome preparations were made after the usual hypotonic treatment and fixation in alcohol-acetic acid. The slides were coded and examined by two observers, who scored the cells for aberrations as previously described (Abdulla et al., 1971) .
Results
No attempt was made to measure the mitotic rate, but no difference could be detected between the rates of test and control slides when they were being searched for well-spread mitoses. The cultures failed to grow several times but each time both test and control cultures were failures.
The intensity of the ultrasound and the length of time of exposure are shown in the Table together with the types and frequencies of the aberrations found. No significant differences either in the types or the frequencies of aberrations could be detected between the test and control cultures.
When the tubes were removed from the water bath after two hours' insonation at 2 W intensity clumping of the cells was observed in the test cultures (Fig. 2) . Clumping could be seen after 30 minutes' insonation at 3-5 W intensity and was pronounced after an hour. The clumps could be dispersed easily by gently inverting the tube. Some cells were pipetted gently on to a slide and the wet preparation was examined under low magnification ( x 160).
Phytohaemagglutinin causes agglutination of red cells which was visible microscopically, but no difference could be seen between insonated and control cultures. This effect of phytohaemagglutinin might have contributed to the clumping seen after insonation so tubes were set up without it. After insonation at 3-5 W for 30 minutes clumping could be seen and was very prominent after one-and-three-quarter hours. This clumping gradually becomes more marked until all the cells have fallen to the bottom or are clumped on the side of the tube, so that there is no definite point at which it could be said to be definitely absent, present, or complete. When phytohaemagglutinin had not been added the clumps were so easily broken up by pipetting on to a slide that they could not be observed under the microscope. This finding suggested that the cell membrane had not been permanently damaged and that ultrasound might have such an effect on any particles suspended in a liquid. Kaolin particles suspended in water showed pronounced clumping after one hour's insonation at 3-5 W (Fig. 3) Discussion Although some workers Davey, 1970, 1972) have reported chromosome damage after in-vitro exposure of cells to diagnostic levels of ultrasound, their findings have not been reproduced by others (Bobrow et al., 1971; Boyd et al., 1971; Buckton and Baker 1972; Watts et al., 1972) . In the present study chromosome damage could not be detected after eight hours' exposure to ultrasound at 3-5 W/cm2, which is similar to intensities produced by some therapeutic equipment. Others (Coakley et al., 1971 (Coakley et al., , 1972 have used very high pulsed power levels for shorter periods without observing significant chromosomal aberrations. It seems probable from our in-vitro experiments and other in-vivo studies (Abdulla et al., 1971; Lucas et al., 1972 ) that chromosome damage is not caused by ultrasound when used as a diagnostic tool.
There is, however, evidence of another factor that might cause damage in other ways. Clumping of red cells was seen in this study, and aggregation of red cells with stasis of blood flow has been shown to occur in blood vessels of chick embryos (Dyson et al., 1971) . If stasis occurs in a fetal blood vessel the interruption to blood flow could damage the rapidly developing tissues.
We therefore conclude that other factors may well set a safety limit to ultrasonic power level below that at which chromosomal damage occurs and that absence of such damage should not be relied on too heavily as a measure of safety. (Taylor and Pond, 1972) .
